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Abstract 
Current fear-avoidance models consider pain-related fear as a crucial factor in the 
development of chronic pain. Yet, pain-related fear often occurs in a context of multiple, 
competing goals. This study investigated whether pain-related fear and avoidance behavior are 
attenuated when individuals are faced with a pain avoidance goal and another valued but 
competing goal, operationalized as obtaining a monetary reward. Fifty-five healthy participants 
moved a joystick towards different targets. In the experimental condition, a movement to one 
target (Conditioned Stimulus; CS+) was followed by a painful unconditioned stimulus (pain-US) 
and a rewarding unconditioned stimulus on 50% (reward-US) of the trials, whereas the CS- 
movement was not. In the control condition, the CS+ movement was followed by the pain-US 
only. Results showed that pain-related fear was elevated in response to the CS+ compared to the 
CS- movement, but that it was not influenced by the reward-US. Interestingly, participants 
initiated a CS+ movement slower than a CS- movement in the control condition, but not in the 
experimental condition. Also, in choice trials, participants performed the CS+ movement more 
frequently in the experimental than in the control condition. These results suggest that the 
presence of a valued competing goal can attenuate avoidance behavior. 
 
Perspective: The current study provides experimental evidence that both pain and competing 
goals impact on behavioral decision making and avoidance behavior. These results provide 
experimental support for treatments of chronic pain that include valuable daily life goals pursued 
by an individual, rather than limiting focus to pain reduction only. 
Key words: Goals; avoidance; pain-related fear; reward; motivation 
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1. Introduction 
A wealth of evidence endorses the role of pain-related fear in the development and maintenance 
of (chronic) pain problems.17,20,29,45,49,53,57 Recently, it has been suggested that pain-related fear 
should be considered within a motivational context. More specifically, the experience of pain 
might not only lead to the development of pain-related fear, but may also activate the goal to 
control or avoid (further) harm. 9,29,47,48  However, the goal to avoid pain does not occur in a 
motivational vacuum.9,29,47,48 Indeed, to avoid bodily harm or pain is often only one goal in a 
context of other, often competing goals.6,9,23,25,42,47,51,53,58 In a context of multiple goals, the 
pursuit of one goal may possibly interfere with the pursuit of other goals. This may give rise to 
goal conflicts during which the same response elicits opposing outcomes.3 Previous research has 
shown that individuals with chronic pain often have to weigh the value of pain avoidance against 
the costs of withdrawal from previously valued activities16,40,44,49, and experience difficulties 
selecting which goal to pursue.11,19,40 Studies investigating the influence of competing goals on 
pain-related fear, avoidance behavior, and associated decision making behavior are scarce. Most 
experimental pain research on goals has focused on goal pursuit and attentional processes, 
indicating that pursuing non-pain goals can inhibit the attentional bias to pain.24,49,51  
While fear conditioning models are widely accepted as an experimental approach to investigate 
how fear is acquired, motivational factors have not yet been incorporated into these models. 8 A 
well-established paradigm to study the acquisition of movement-related fear of pain, is the 
Voluntary Joystick Movement (VJM) Paradigm 32,34,35, which exemplifies a typical human  
fear conditioning experiment: a conditioned stimulus (CS+), i.e. arm movements performed with 
a joystick, is followed by an aversive electrocutaneous stimulus (unconditioned stimulus; pain-
US). After repeated pairings with the US, the CS+ becomes a threat signal, and thus starts to 
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elicit fear responses (conditioned response, CR). In a differential fear conditioning paradigm, a 
control stimulus (CS-) is included, that is never followed by the US, and thus becomes a safety-
signal.10  
 In the present study, we adapted the VJM paradigm to experimentally create goal competition by 
introducing lottery tickets representing a monetary reward as a reinforcing US, to investigate 
whether pain-related fear and avoidance behavior are attenuated when individuals are confronted 
with a pain avoidance goal and a competing goal, i.e. obtaining the reward. In the control 
condition, a movement towards one target (CS+) was followed by a painful stimulus (US), 
whereas another movement (CS-) was not. In the experimental condition a rewarding 
conditioned stimulus (reward-US) accompanied the pain-US, thus installing competition between 
an inclination to avoid pain and an inclination to obtain a reward. We hypothesized that a 
concurrent reward-US would lead to 1) reduced fear responses, i.e. less self-reported pain-related 
fear for a painful (CS+) movement, 2) less avoidance tendencies, i.e. lower response latencies for 
CS+ movements in the experimental condition, and 3) less avoidant decision making behavior, 
i.e. choosing to perform the painful movement instead of the safe movement. Additionally, we 
explored whether the importance of both the pain-avoidance and the approach-reward goal was 
associated with participants’ decision making behavior.  
2. Methods 
2.1 Participants 
 Fifty-five healthy individuals (28 men, Mage = 21.62, SDage = 3.45) volunteered. Ten 
participants (18%) were left-handed. Participants were recruited by means of flyers distributed at 
the University of Leuven, advertisements (both online and on paper), and via the Experiment 
Management System (EMS) of the Faculty of Psychology and Educational Sciences of the 
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University of Leuven (Belgium). Participants either received course credits or €10 for their 
participation. Exclusion criteria were insufficient knowledge of the Dutch language, dyslexia, 
cardiovascular diseases, lung diseases, neurological diseases (e.g. epilepsy), other serious 
medical conditions, current diagnosis of psychiatric disorders, chronic or acute pain, being asked 
to avoid stressful situations by a general practitioner, presence of electronic medical devices (e.g. 
pace-maker), anxiolytics or antidepressants, pregnancy, and deteriorated vision that is not 
corrected.  
 Participants received information, both orally and in writing, that painful 
electrocutaneous stimuli would be administered, but that the intensity of the stimulus would be 
individually selected. Participants were given the opportunity to ask for additional information. 
All participants provided a written informed consent. Ethical approval was obtained through the 
Ethics Committee of the Faculty of Psychology and Educational Sciences of the University of 
Leuven (Belgium), registered nr S55216. Because of a technical failure, three participants did not 
receive any electrocutaneous stimulus during the experiment. Two other participants did not 
adhere the experimental instructions, and thus their responses were unreliable. These 5 
participants were excluded from the statistical analyses. Statistical analyses were conducted on a 
sample of 50 participants (26 male; Mage = 21.36 years, SDage = 3.28; 20% left-handed). 
2.2 Apparatus and stimuli 
The experiment was run on a Windows XP computer (Dell OptiPlex 755) with 2 GB 
RAM and an Intel Core2 Duo processor at 2.33 GHz and an ATI Radeon 2400 graphics card with 
256 MB of video RAM. The experiment was programmed in Affect, version 4.0.43 An 
electrocutaneous stimulus of 20 ms duration served as the pain-US. The pain-US was delivered 
by an Isolated Bipolar Current Stimulator (DS5; Digitimer ltd, Welwyn Garden City, England) 
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through surface SensorMedics electrodes (1 cm diameter) filled with K-Y gel that were attached 
to the wrist of the dominant hand. The stimulus intensity was individually determined during a 
pre-experimental calibration procedure, selecting a stimulus at tolerance level. A monetary 
reward in the form of lottery tickets (reward-US), was introduced in the experimental condition. 
A single reward-US always represented two lottery tickets. These lottery tickets represented a 
chance to win an extra 50€ reimbursement. Movements performed using a Paccus Hawk Joystick 
(Paccus Interfaces BV, Almere, The Netherlands) in four different directions served as CSs (i.e. 
towards the left, right, upward or downward). Participants carried out the movements with their 
dominant hand. Direction of movement was either indicated by a signal (by a purple coloring of 
a target) or chosen, i.e. the movement to be performed was selected by the participant. The pain-
US with or without the reward-US is delivered after completion of a movement in one direction 
(CS+), but not in another direction (CS-). 
2.3 Self-report measures.  
2.3.1 Manipulation check.  To check whether participants successfully learned the 
contingencies, participants reported online, prior to the movements to what extent they expected 
the pain-US to occur (“pain expectancy”). Therefore, a scale ranging from 0 (not at all) to 10 
(very much) was used.  
 2.3.2 Outcome measures.  The primary goal of this experiment was to investigate whether a 
concurrent reward was capable of attenuating pain-related fear. Therefore, we asked participants 
to indicate to what extent they were afraid that the movement would be painful (“pain-related 
fear”) before performing that movement.  
Secondly, the current experiment aimed to explore whether there are any changes in pain 
intensity, pain unpleasantness, or pain tolerance when adding a concurrent reward to a painful 
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movement. Therefore, participants reported retrospectively to what extent the electrocutaneous 
stimulus was painful (“pain intensity”), unpleasant (“pain unpleasantness”), and tolerable (“pain 
tolerance”). Participants answered all these questions using a 11-point Likert-scale, ranging from 
0 (not at all) to 10 (very much).  
2.3.3 Additional measures.  Additional items were included to explore the role of goal 
importance on avoidance behavior. Participants indicated how important they found the two 
goals during the experiment using a Likert scale ranging from 0 (not at all important) to 10 (very 
important). The questions were “How important was it to avoid the electrocutaneous stimulus?” 
(“pain-avoidance”) and “How important was it to earn tickets?”(“approach-reward”), 
respectively. 
2.3.4 Questionnaires. For descriptive purposes, participants completed several 
questionnaires: the Dutch version of the Pain Catastrophizing Scale (PCS) 46, which consists of 
13 items and measures the frequency of catastrophizing thoughts and feelings generally 
experienced during painful situations, the Fear of Pain Questionnaire (FPQ-III NL)50, which 
measures fear associated with pain in general and consists of 31 items and the trait version of the 
Positive Affectivity and Negative Affectivity Scale (PANAS), asking participants to indicate how 
frequently they experience each of 20 adjectives describing both positive and negative 
emotions13.  
2.4 Behavioural measures 
2.4.1 Response latency. For every movement, the response latency was recorded. As in 
previous studies32,33,55, response latency is the time before onset/initiation of the joystick 
movement. More specifically, it was defined as the time from the disappearance of the fixation 
cross (‘+’) until participants left the start region, which is a relatively small, invisible circle 
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around the fixation cross in the middle of the computer screen. Response latency is considered a 
proxy of avoidance tendencies.5,36 
2.5 Decision making behavior  
 Participants completed four choice test trials per condition, in which they chose between 
the CS+ movement and the CS- movement. This measure is taken as an index of 
approach/avoidance decision making behavior. 
2.6 Procedure 
The whole experimental session consisted of a calibration, a practice, an experimental 
and a debriefing phase, and lasted about 75 minutes. A graphical overview of the experiment is 
presented in Figure 1. 
 
– INSERT FIGURE 1 ABOUT HERE – 
 
2.6.1 Calibration phase. Upon arrival, participants were seated in an armchair (0.6 m 
screen distance) in a sound-attenuated experimental room, adjacent to the experimenter’s room. 
First, the electrodes for electrocutaneous stimulation were attached. Subsequently, the intensity 
level of stimulation was determined using a calibration procedure. Participants were informed 
that they would be repeatedly exposed to electrocutaneous stimuli of increasing intensity and that 
the aim was to select a painful stimulus that requires some effort to tolerate. At each trial, 
participants indicated (a) whether the stimulus was painful and required some effort to tolerate, 
and (b) whether they agreed to receive a stimulus of increased intensity. Participants were also 
instructed to inform the experimenter when they no longer wished to increase the intensity or 
that the intensity had to be set back at a lower intensity. When no further increase of stimulus 
intensity was accepted, the experimenter asked the participant whether s/he agreed upon 
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repeatedly receiving stimuli of maximally the selected intensity during the remainder of the 
experiment. However, participants always received the same stimulus intensity, that is, at 
tolerance level. Participants rated the pain intensity of the selected electrocutaneous stimulus 
right before the start of the experimental phase (M = 6.36, SD = 1.12).  
2.6.2 Practice Phase. In the practice phase, participants learned how to operate the 
joystick correctly and familiarized themselves with the experimental task. Participants were 
instructed to move the joystick as fast and accurately as possible towards the signaled target as 
soon as the fixation cross (start signal, ‘+’) disappeared. The to-be-performed movement was 
signaled by changing the color of the corresponding target from white to purple. A successful 
movement resulted in changing the color of the target to yellow. During the practice phase, no 
pain- and reward-USs were presented. Participants were informed they would receive feedback, 
both visually on screen and verbally from the experimenter. First, participants were able to 
monitor their own joystick movements via a cursor shown on the screen. Second, when 
participants performed a movement in the wrong direction, or left the starting region before the 
fixation cross disappeared, an error message was displayed (e.g., ‘too early, please wait until the 
fixation cross disappears’). The experimenter was present in the experimental room and 
provided tailored feedback if needed. Two blocks of 5 trials were run: the first block consisted of 
2 signaled movements in both directions of the horizontal movement plane (left/right), followed 
by one choice trial in which participants had to choose and perform one of both movements. The 
second block was identical to the first block, the only difference being that the movements were 
performed in the vertical movement plane (upward/downward). Each trial started with a 1.5 s-
presentation of the fixation cross, and ended when the participant reached the target with his/her 
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movement. A next trial started 10 seconds later (Inter-Trial Interval (ITI) = 10s). For an overview 
of the trial timing, see Figure 2. 
 
– INSERT FIGURE 2 ABOUT HERE – 
 
2.6.3 Experimental phase. Before the start of the experimental phase, the pain-US was 
administered once more, and participants rated the pain intensity. We employed a cross-over 
within-subjects design with all participants completing both the control and the experimental 
condition. The order in which the conditions were completed was counterbalanced. Participants 
manipulated a joystick to the left and to the right (horizontal movement plane) in the 
experimental condition, and upward and downward (vertical movement plane) in the control 
condition, or vice versa. At the start of each condition, participants were informed that they 
would have to perform the signaled movements as quickly and accurately as possible as soon as 
the fixation cross disappeared, and were requested to pay close attention to the fixation cross. 
In the Experimental condition participants were informed that a movement in one 
direction (CS+) would be followed by an electrocutaneous stimulus (pain-US) and lottery tickets 
(reward-US), whereas a movement (CS-) in another direction would not. The reward-US always 
represented 2 lottery tickets. The experimenter explicitly stated that on some trials, participants 
were requested to perform the signaled movement, whereas on other trials, they could choose 
which of the two movements they performed. Participants were informed that the more tickets 
they earned during the task, the higher the probability that they would win the extra 
reimbursement of 50€. The participants first completed 4 acquisition blocks each consisting of 8 
trials (4 CS+, 4 CS-). The last acquisition block served as the test phase. Each acquisition block 
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was followed by one choice trial, in which they chose to perform either the CS+ or the CS- 
movement. Which particular movement served as a CS+ was counterbalanced across 
participants. There were no breaks between blocks. CS+ movements were immediately followed 
by the pain-US and the reward-US in half of the trials (50% reinforcement rate), whereas the CS- 
movement was never reinforced. That is, all participants received a total of eight reward-USs 
(representing 16 lottery tickets) and eight electrocutaneous stimuli in this phase. In the four 
choice trials, CS+ movements were always followed by both USs (100% reinforcement rate), 
whereas the CS- was never followed by either of the USs. Consequently, all participants could 
earn up to an additional eight lottery tickets in this phase. Trial timing was similar to the practice 
phase. At the end of each block participants rated pain intensity, pain unpleasantness and pain 
tolerance. Pain expectancy and pain-related fear were assessed once per block before the start of 
one CS+ movement and one CS- movement.  
The control condition was identical to the experimental condition, with the only 
exception that the CS+ movement was only followed by the pain-US. Participants were informed 
that in this phase, one movement would be followed by an electrocutaneous stimulus (pain-US), 
whereas another movement would not.  
2.6.4 Debriefing. All participants were informed about the number of tickets that they 
had won, and were requested to leave their email address to be contacted in case they won the 
50€. Second, participants were invited for a debriefing where they were informed about the 
objectives of the experiment. At the end of the experiment, a winner was randomly selected out 
of all participants and informed about his prize. 
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3. Results 
3.1 Data preparation 
For each condition, we calculated the total number of times the CS+ was chosen, as an 
index of decision making behavior (range: 0-4). When ratings from multiple time points for self-
reported measures were available, mean scores were calculated. For response latency, outlier 
trials were excluded within each subject from further statistical analysis (<1%). Thus, response 
latencies < 250 and > 3000 ms were eliminated, as well as trials with response latencies 
deviating more than 3 SDs from the within-subject-mean calculated for the corresponding 
movement (CS+/CS-) and condition (control/experimental).32 Subsequently, mean response 
latencies for each CS movement per block, per condition were calculated for each participant by 
averaging the 4 movements of that block.  
3.2 Data-analysis 
All statistical analyses were run with SPSS 20.0. Repeated measures ANOVAs were run 
to test for the effects of the reward-US (competing goal; experimental condition) on decision 
making behavior, as well as on pain-related fear, pain intensity and response latencies during test 
trials. Greenhouse Geisser corrections are reported where necessary. Effect sizes were calculated 
using the dependent Cohen’s d.7 Power analyses using G* Power 3.1.714 indicated that a total of 
50 participants would provide 93% statistical power for a medium effect size for repeated 
measures analysis.  
3.3 Descriptive statistics  
The average intensity of the painful stimulus was 9.46 mA (SD = 4.82). Participants 
earned on average 20.68 lottery tickets (SD = 3.28). The mean score for PCS was 19.16 (SD = 
8.75), and for FPQ-III-NL 73.9 (SD = 14.12). Mean score was 35.69 (SD = 4.73) on the positive 
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affectivity scale and 15.94 (SD = 5.26) on the negative affectivity scale of PANAS. There were 
no significant gender differences on either of these independent variables, nor did the current 
sample differ from other (student) samples of comparable age.32  
3.4 Self-report measures 
A series of 2 [Condition (Control/Experimental)] × 2 [CS type (CS+/CS-)] Repeated 
Measures (RM) ANOVAs were conducted with self-reported measures (pain-expectancy, pain-
related fear, pain-US intensity, unpleasantness and tolerance) as dependent variables (see Table 
1). For the pain expectancy measure, there was a significant main effect of CS type, F(1,49) = 
79.02, p < .001, d = 1.25 [95% CI: 0.88, 1.62], indicating that participants learned that the CS+ 
movement was associated with the pain-US, whereas the CS- movement was not. There was no 
effect of Condition, F(1,49) = 1.14, p = .291, d = -0.15 [95% CI: -0.43, 0.013], nor a CS type × 
Condition interaction, F < 1. For the pain-related fear measure, there was a significant main 
effect of CS type, F(1,49) = 51.93, p < .001, d = 1.02 [95% CI: 0.68, 1.36], no significant main 
effect of Condition, F(1,49) < 1, p = .360, d = 0.13 [95% CI: -0.15, 0.41], nor a significant 
Condition × CS type interaction, F(1,49) = 1.126, p = .294, d = 0.15 [95% CI: 0.13, 0.43]. This 
indicates that participants had elevated levels of pain-related fear in response to the CS+ 
compared to the CS-. For the pain intensity measures statistical analysis revealed that there was 
no difference between conditions, F(1,49) < 1, p = .523, d = -0.09 [95% CI: -0.37, 0.19]. Finally, 
participants did not experience the pain as significantly less unpleasant when a reward-US was 
presented concurrently, compared to when only a pain-US was administered, F(1,49) < 1 , p 
= .330, d = -0.14 [95% CI: -0.42, 0.14], nor did they rate the pain-US as less tolerable in the 
experimental condition compared to the control condition, F(1,49) = 1.05 , p = .310, d = 0.14 
[95% CI: -0.13, 0.42].  
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– INSERT TABLE 1 ABOUT HERE – 
 
3.5 Behavioral measures 
3.5.1 Response latency. The mean response latencies for CS+ and CS- movements for 
both the experimental and the control conditions during the test phase are displayed in Figure 3.  
A 2 [CS type (CS+/CS-)] × 2 [Condition (Experimental/Control)] RM ANOVA showed a 
marginally significant effect of CS type, F(1,49) = 3.987, p = .05, d = 0.28 [95% CI: -0.09, 0.56], 
as well as a significant effect of Condition, F(1,49) = 5.009, p = .03, d = -0.31 [95% CI: -0.6, -
0.03]. Furthermore, the interaction CS type × Condition was significant, F(1,49) = 4.60, p 
= .037, d = -0.30 [95% CI: -0.59, -0.02]. Follow-up comparisons revealed that participants are 
slower initiating a CS+ movement than CS- movements in the control condition, t(1,49) = -
2.878 , p = .006, d = 0.41 [95% CI: 0.12, 0.70]. In the experimental condition however, no 
differences in response latencies for both CS movements were found, t(1,49) = -.038 , p = .970 d 
= 0.01 [95% CI: -0.27, 0.28], suggesting that participants were less hesitant to perform the 
painful movement when a concurrent reward is presented together with it. In other words, these 
results suggest that a concurrent reward diminished the effects of pain on response latencies, 
which is considered a proxy for avoidance tendency.  
 
– INSERT FIGURE 3 ABOUT HERE – 
 
3.5.2. Decision making behavior. A one-way ANOVA analysis with Condition 
(Control/Experimental) as within-subjects factor was run on the number of painful (CS+) 
movements participants performed in both conditions, yielding a significant main effect of 
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Condition (Control/Experimental): F(1,49) = 30.183, p < .001, d = -0.78 [95% CI: -1.09, .-0.46], 
indicating that participants overall chose to perform the painful movement more often when a 
concurrent reward was presented (experimental condition), compared to the absence of the 
reward (control condition). More specifically, 56 % of participants chose to avoid the painful 
movement completely in the control condition, whereas in the experimental condition only 20% 
of the participants always chose the safe movement. Only 4% of the participants performed all 
four painful movements in the control condition, whereas in the experimental condition 28% of 
the participants perform all painful movements. Figure 4 displays the number of participants 
choosing to perform the ‘painful’ CS+ movement, either 0, 1, 2, 3 or 4 times in each condition. 
 
– INSERT FIGURE 4 ABOUT HERE – 
 
3.6.1 Additional Analyses. The correlations between the dependent variable (number of 
times performing the painful yet rewarding movement) and the predictors (importance of pain 
avoidance, importance of approach-reward, pain-related fear), as well as the intercorrelations 
between the predictors are presented in Table 2. The pain-related fear score was the averaged 
pain-related fear score of the CS+ movements during the test phase in the experimental 
condition. Both the variables assessing the importance of the pain-avoidance goal as well as the 
approach-reward goal correlated significantly with the number of times participants performed 
the painful, yet rewarding movement (r = -.506; r = .549 respectively), whereas pain-related fear 
did not (r = -.058).  
Backward regression analyses were conducted on the number of times participants chose 
to perform the painful movement when a concurrent reward was presented (see Table 3). Pain-
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related fear, the importance of the goal to avoid pain, and the importance of the goal to win as 
much tickets as possible were introduced into the initial model (see 2.3 Self-report measures). 
The regression model with all three factors accounted for half of the variance, adj. R2 = .513, F 
(2,46) = 18.17, p < .001. After removal of pain-related fear from the equation, the model still 
significantly explained half of the variance, adj. R2 = .501, F (1,47) =25.65, p < .001. Both the 
pain-avoidance goal,  = -.260, t (47) = -4.65, p < .001, and the reward goal,  = .238, t (47) = 
5.11, p < .001, significantly predicted participants’ choice behavior. 
 
– INSERT TABLE 2 ABOUT HERE – 
 
– INSERT TABLE 3 ABOUT HERE – 
 
4. Discussion 
The present study investigated whether introducing a concurrent reward along with a 
painful stimulus, would result in a reduction of pain-related fear and less tendencies to avoid 
using an adapted VJM paradigm. In the experimental condition a reward-US accompanied the 
pain-US, thus installing competing approach and avoidance tendencies, i.e. avoiding the pain-US 
and approaching the reward-US. In the control condition, participants were informed that only 
one CS movement would be followed by a pain-US. On some trials during both conditions, 
participants were also instructed to choose and perform either the painful or the safe movement.  
The results can be readily summarized. First, pain-expectancy was higher for painful 
movements than for safe movements in both conditions, indicating successful differential 
contingency learning. Second, participants were less hesitant to perform the painful movement 
when a concurrent reward was presented, compared to performing a painful movement alone. 
Third, and most importantly, during the choice trials, participants showed less frequent avoidant 
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decision making behavior when pain was accompanied by a reward than when pain was 
presented alone. Moreover, the regression analyses revealed that both pain-avoidance and 
approach-reward goals were significantly associated with avoidance behavior, whereas pain-
related fear was not. More specifically, the more important it was for a participant to avoid pain, 
the less painful movements they performed, even though performing that movement also resulted 
in a reward. Similarly, the more important it was to earn tickets, the more participants performed 
the ‘rewarding’ movement, despite the presence of pain. Indeed, these results suggest that a 
concurrent reward may attenuate avoidance behavior. Fourth, there is no change in pain-related 
fear when performing a painful movement when a reward was presented compared to performing 
the painful movement without such reward. This finding is however in line with other studies 
showing that introducing a monetary incentive does not necessarily result in a decrease in pain-
related fear.29,49  
The current study extends available evidence for the inclusion of a motivational 
perspective on avoidance tendencies and behavior, wherein the dynamics of several−possibly 
conflicting−goals should be considered. Avoidance behavior is considered a relatively stable 
response driven by a fear-based motivation to prevent further injury.9,18,29,54 However, the results 
of the current study show that avoidance can be influenced by the presence of concomitant, 
competing goals, such as the goal to retrieve a reward, even without changing pain-related fear 
itself.23,40,44,47,49 Thus, avoidance behavior may vary from situation-to-situation, also even within 
individuals. 
Not only did this study investigate avoidance behavior directly by means of choice trials, 
employing the Voluntary Joystick Movement paradigm enabled us to also examine response 
latency as an index of avoidance tendencies. As found by Meulders et al.32, participants were 
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slower initiating the CS+ movement than the CS- movement in the control condition. When 
adding a monetary reward, this difference disappeared, suggesting that approaching a reward 
counteracted the avoidance tendency.37 Previous research has shown that using valuable 
incentives are capable of increasing pain tolerance4, and that pain is able to increase motivation 
to work for a reward, if that reward is valuable enough.16 Current findings further demonstrate 
that a valuable incentive is capable of diminishing avoidance tendencies.  
Interestingly, not all participants avoided the painful movement in the control condition. 
When looking at the choices more closely, participants often performed the painful movement 
just once. This might be due to the partial reinforcement rate of 50% for CS+ movements, which 
possibly induced exploratory behavior.2  
These results may have clinical implications, and suggest that both pain-related and 
competing goals play a role in behavioral decision making and avoidance behavior. As such, this 
study provides experimental support for interventions that not focus solely on pain reduction 
goals, but also encourage daily life goals such as returning to work, engaging in sports or family 
activities. 6,9,42,47,54 Examples of such interventions are cognitive-behavioral treatments (CBT) 
that incorporate both pain and normal life goals, often explore both advantages and 
disadvantages of goals, and strive for flexibility in the pursuit to be active despite pain (e.g., 
Motivational Interviewing1,21,22, Contextual CBT31,41,56 ), or treatments aimed at enhancing 
general functioning despite the experience of pain, while simultaneously helping patients to 
achieve valuable life goals (e.g. graded activity, exposure in vivo).28,30,41  However, it remains 
unclear for whom the incorporation of daily life goals results in the reduction of avoidance 
behavior, and which conditions contribute to recovered activity despite pain. Therefore these 
questions merit further scientific scrutiny.  
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There are some limitations that need further consideration. First, the sample size was 
relatively small (N = 55), resulting in relatively broad confidence intervals and the risk of type II 
errors, although power analyses indicated that the sample size was sufficient to obtain 93% 
power. Second, we tested our hypotheses in healthy, mostly undergraduate students. That is, the 
present results are preliminary and we do not claim that they pertain to a clinical population. In 
this experiment, participants had the choice between pain plus a reward versus neither of the two. 
For chronic pain patients however, the choice is not so clear-cut. Often they can only choose 
between ‘the lesser of two evils’: their usual level of pain or increased pain combined with a 
valued life goal (e.g. going out with friends). Thus, pain-related goals often compete with other 
daily life goals12,48,58 and are likely more salient in a clinical population. Therefore, future 
research would benefit from testing similar hypotheses in a clinical population, using an adapted 
experimental design with higher ecological validity. Third, although previous research has shown 
that a financial reward is effective in increasing motivation, the ecological validity of a monetary 
incentive as a valued goal may be limited, but is both easy and valuable for students in an 
experimental sample.37,44,47,52 Fourth, the use of some self-reported measures may have led to a 
confound among the measures38, for example between the measures of pain-related fear and pain 
expectancy. We asked to indicate to what extent participants were afraid to receive a painful 
stimulus, which necessarily implies a measurement of pain expectancy. Given the difficulties 
disentangling pain-related fear and pain expectancy, this confound may explain the absence of a 
decrease in pain-related fear when presented with a concurrent reward. Furthermore, the self-
report measure was only administered once, and did not take perceived harmfulness into account. 
Moreover, since fear is usually conceptualized as comprising of three relatively 
independent response systems, namely verbal responses (e.g., self-reports), behavioral responses 
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(e.g., avoidance), and physiological responses 27, future research would benefit from including 
psychophysiological markers of pain-related fear (e.g., eye blink startle26) and pain (e.g. RIII 
reflex39). Fifth, the importance of both the pain-avoidance goal and the approach-reward goal 
was assessed post-hoc. Future research should assess this prior to the experiment to avoid 
participants simply reporting according what they did during the experiment. 
In sum, this study provides experimental evidence that inclusion of a valuable competing 
goal such as obtaining a monetary reward, attenuates avoidance behavior. Therefore, there is 
some truth in Fordyce’s law “people don’t hurt as much if they have something better to do”.15 At 
the least, we were able to demonstrate that it has an effect upon avoidance tendencies and 
behavioral decision making; its putative effect upon the experience of pain awaits further 
scientific corroboration. 
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Figure Legends 
 
Fig. 1. Experimental Design. CS+ indicates reinforced movements that are either followed by 
both the pain-US and the reward-US (experimental condition), or by the pain-US alone (control 
condition) in 50% of the trials. In the practice phase, CS+ movements are never reinforced. CS- 
indicate non-reinforced trials, which are never followed by either of the USs; CT = choice trials, 
in which participants chose to perform either one of the movements. These trials always occurred 
at the end of a block. When choosing for the CS+ movement in these CT, the trials were 100% 
reinforced. Movements were conducted in two movement planes (vertical and horizontal), and 
were counterbalanced between conditions. Conditions were run within subject in a 
counterbalanced order (cf. arrow). Also note that the last block in each condition served as a test 
block. 
 
 
Fig. 2. Overview Trial Timing. Note that the conditions take place in a different movement plane, 
e.g. the control condition in the horizontal movement plane and the experimental condition in the 
vertical movement plane. Which movement participants had to perform was signaled by a purple 
colored target. Thus, the position of the CS+ movement differs between conditions. In the control 
condition, reinforced CS+ movements are followed by a pain-US in 50% of the trials, 
represented by a lightning bolt; whereas in the experimental condition CS+ movements are 
reinforced in half of the trials by a pain-US and a reward-US, as represented by the lottery ticket. 
In both conditions, CS- movements are never reinforced. An arrow indicates the CS movement. 
Successful completion of the CS movement resulted in coloring the target yellow. 
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Fig. 3. Mean response latencies for CS+ and CS- movements for both experimental conditions 
(control/experimental).  
 
Fig. 4. CS+ Movements during Choice Trials. Number of participants choosing to perform the 
‘painful’ CS+ movement for both the control and experimental conditions for each of the choice 
trials. Actual numbers are presented above each bar. 
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Table 1 
    
     Mean and SD per CS type and Condition for all self-reported measures and response 
latency 
    Control condition   Experimental condition 
Variable CS type M(SD)   M(SD) 
Expectancy CS+ 6.83(1.79) 
 
6.77(1.79) 
 
CS- 2.77(2.71) 
 
2.44(2.52) 
Pain-related fear CS+ 6.06(1.82) 
 
6.37(1.66) 
 
CS- 3.13(3) 
 
3.16(2.83) 
Pain intensity CS+ 6.36(1.59) 
 
6.24(1.65) 
Pain unpleasantness CS+ 7.02(1.6) 
 
6.8(1.68) 
Pain tolerance CS+ 5.88(1.75) 
 
6.06(1.87) 
Response Latency CS+ 501(177)  445(156) 
 CS- 440(139)  446 (127) 
Note. CS+ indicates the reinforced conditioned stimulus, and is thus followed by a 
Pain-US in the control condition and by both a Pain-US and a Reward-US in the 
experimental condition. CS- indicates the non-reinforced conditioned stimulus and is 
never followed by an US. Response latency is in ms. 
 
 Table 2 
        
         Descriptives and correlations of the dependent and predictor variables of the regression analysis
   Variable   M SD   2 3 4 
1 
Number of CS+ movements 
performed in Experimental condition 
 
2.22 1.49 
 
-.058 -.506
a
 .549
a
 
2 Pain-related fear of CS+ 
 
6.37 1.66 
 
1 
  
3 Pain avoidance goal 
 
5.48 2.69 
 
.06 1 
 
4 Reward goal  4.80 3.23   .212 -.069 1 
a p < .001 
       
 
         
Table 3 
Regression of number of painful movements performed during choice trials when a concurrent reward is present (experimental 
condition) on pain-related fear for the painful movement and self-reported goals 
Model Predictors  t () R
2
  
Adjusted 
R
2
 
Fadj. R2 R
2
change 
FR2 
change 
  
Model 1 
   
.542 .513 18.172
a
 .539
a
 18.172
a
 
 
 
Pain-related fear of CS+ -.132 -1.437 
    
 Avoidance goal -.254 -4.583
a
 
     
 
 
Reward goal .253 5.357
a
 
    
                   
Model 2 
   
.522 .501 25.645
a
 -.021 2.065 
 Avoidance goal -.260 -4.654
a
 
      
 
Reward goal .238 5.111
a
 
     
                    
a
 p < .001    
      
           
